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analgesia, design. ami fabrication of a programmed-tircttie 
comtrel ayaten for a pulese-jet halicopter ere cospleted. Fiight 
terte ara net within the scope of the present contract aa smendad. 
Grelic fuel infeation as @ @eans for miniuwiging rotor shaking forces 
during forward flight ie deemed not to offer imrovenenta which would 
warrant the ecsplexities involved. 
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This progrese report, which sovere the fourth through the 
eighth quarterly periods, describes work performed under Items 2(d) 
and 1(e) of U. 5S. Aly Perse Gontract No, AP 33(606)-5850 Supplement 
No. 4. Theos items cever the development of a bhasle powar contro]. 
system Sor pulee-jet powered helicopters and the inveabigation of 
cyellc fuel injection as e means of reducing rotor in-plene vibra~ 
tien and torque variation, 


| 

Puring the period, (15 April 1953 te 15 duly 1954) covered 

by this seport, the subject contract has been awended to reduce the 

scope of the powess control items, with corresponding increases in 

i sephagia belna siven to the development of pulese-jet engine compo 
nente. Specifically, the eround and flight tests of the basle con~ 
trol system were deleted, as were design, fateriestion and toting 
of the cyclic control systen, Work on the remaining program has 
been carcied cut at low priority, with beth expenditures ond aceen- 
plistimente during the past 15 mathe being approximately equivalent 
to that reported during each of the previous quarterly periods, 
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The Sirs resort of this series, Reference 1, containe a 
general discussion of pussibla power contre. eonfiguretions for pulac- 
jet, twlisepters withest reference to a specifSc model. On the basic 
of that digeussion, if 46 concluded that seme form of progromecd 
throthle actuation with oolleative pitch chengs (with the possible 
inclusion.of a simple governor aa a trimmer) te the most attractive 
pessibiiity. : 


In the second report of the series, Reference 25 BBO 
cyneels oad power plent porformance dete for « typieal pulse~jat 
mronekeen helicopter svc oregsended and cowkined into level flight 
oqziiivriom charts. A focl flow ve, ecllective piteh schedule ia 
derived from these charts ard a detailed fuel system is pereposed to 
iuplewent thie schsduis. 


“ fa the third resort, Reforence 3, fuel aysten response 
rates and rebar systeu insrtia effects are preaented for a typical 
poles-iek helicopter. Calewletiens relating to & pregrammed-thvottle 
type power eonteol eysies ere eomtiuud to cover steady-state opera- 
tion over the witére heldesopter flight: Fangs as well as dynamic pore 
fopaanse during ‘re tpplesl mmauvers. The emellent remults chtainel 
whips the Ba sso; amaing contro) in these studlea indicate the desir~ 


abiliny oF: & continued devslonmet. 


The peesemt repert decarites additional evaluation of the 
programed=~throttle oyster including dsaien, fabrication aid Limited 
pench testing of the actual semmenenta, 
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3, RPISCUSSION 


The following discussion te organised aacording to sub- 
ject matter rather then according to papeaties 4 period during which 
the work wae accesplished. However, a chronological mumary La. 
presented in Table I whieh shows the distr eon of work between 
tha various periods, 


d2t__2uel Syntes Reepones Rete | 


Caleulatisns reported in Reference 2 indicate that the fuel 
syatem lag directly attributable to the cavitating-rotor type aystem 
of the XH--26 helicopter wight be approximetely 2.0 seconds. Tests 
on the XH-24, reported in Reference 3, show overall fusl system re- 
spense tines which are algo about 1.5-2,0 sacende; however, the 
close correlation suggested by the numbers is not supported by study 
of the calculated and actual tine histories, The caloulated rotor 
fvel line response of Reference 2, Figure 12, indicabes a rapid 
change of engine fuel flow Jamediately usen throttle morament, fol- 
Lowed i an asymptotic approach to the final engine fuel fiew, The 
actual time history of Keferense 3 showe no appreciable sherge in 
engine fuel flow (noles level) for about 0.5 seconds follouing 
throttle movement, then the engine fuel flow changes rapidly, and 
finally approaches asyuptotically to the final value. A probable 
oxplanation of the teat data is as follows: 
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(a) There ia a significant lag im the fuselage portion of 
the fuel aystem attributable to Line stzeteh, relief 
walvwe inartia, ste, which may acest for the first 
G48 second. 


(b). The rotor fuel line iag de less then calculated, posel- 
a “Sly betauss the OPS of final Stew choren os the emteoft 
point in Refereise 2 takes in too wach of tha ‘fined 
tivapbobis alope. For instead » ths use of 92% of 
final flew as the end point would have led to a lag 
time of 1.0 second, inetead of 2.0 sacond value pre~ 
viously quvted. This consideration le particelariy 
valid for the case of inereacing foal flee, sines as 
much se a +106 chengs of fusi flow from the peak thrust 
valve has a negligible effect on pulee-jeb thrash. 


Another series of teste similar to those of Referance 3 bat 
with the addition of an instantaneous fuel presaure resding taken 
at the antesanuse to the rotary seal assembly would do euch to clarity 
the fvel system jag pictures. Such tests are recommended if the 
RH-~26 Plight schedule peralts. 
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Boicl Rotor Fuel Line Lag 


Twe approaches to the reduction of lag in the present 
cavitating retor Puel system ware proposed in Reference 2 = (a) 
the reduction of retor fuel line dlameter mew the tip, and (b) the 
nao of a piston type "accelerator pump,” which sould best be tested 
in conjunction with the programeadl-throttle control syshan, Reithen 
af these schemes ras keen Lestei, and the orerent raduced bigs 
for power control work will precludes such tests during the remsinder 
of the program. 


A third approach to this problem ia the vraduction of 
fuel injection pressure et the pulse~—Jet, with asancisted reduction 
of the fuel colam Length changes required for a given variation 
of fuel flow, To investigate this possibility, Shree means of re= 
dusing the pulse-~jet fuel neszle pressure drop have been tested. 
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& palr of Loe Company, dlaphragi-type, varleble- 
area, "Dipole’ fel nosales were purchased. One of these nossles 
was installed in « 5.75" diemster pulse-Jet and tasted on the atabis 
theast stem with results aa shown in Figure 1. Significant redac- 
tions jin fuel preasora were realized, out they were accempmiad oy 
& cmuidersbie reduction in poak thrust, The reduction in theust 
ia undoubtedly attributable to an inferier spray pattern which in 
turn is cauced by a mlewatch wetwaon the existing fuel beffle ami 
the "Dinsle" ner2ls, which produces © hollow coniea] aneey sii ler 
to thet of the standard Mood nogsle vt with » larger inciuded 
angle such that the wray dessa not fully impinge on the baffle, 

Peet smeriencs has sheam that ontiwiging the nossle-baffle arrange~ 


ment can be a tedious process and 16 was not undertaken in this 
cane, 
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Work done onder onother eautract included fabori~ 
estion ami testing of a fuel spray syetes located ahem of the pules- 
jat valves, with static tevt results az summarised in Figure 1. 
Subsequent to theve wbatica testa, @ similar eyetem wae whirl tested 
on 7.5" diuaeter, XH-2é engines with somewhet negative resulte from 
bebh engines perfersence and valvs endurance stendpoints, Tt Le 
probable thet this system oan be nerfected, but the effort required 
ie beyend the seoge of present programs. 
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A fixed ocifice nesale rated 25 gph & 100 pel 
ingtead of the atendard 20 gph was tested during whirl teste of 
7.5% Gieaster enginer. Mo significant effects on pesk thruet were 
noted; however, ths lean bloweut fuel flow was inereased notisashir-— 
an effect which has been found previously under similar elreumstences. 
The use of 26 end 25 gph nessles during the reepenss rete tests mene 
tioned in Section 3.34 wight yield worthwhile date vegarding the sai- 
tribution of the reter fuel Line te the orsrell fuel eyatem response 


early in the present report period, design ani fabrication ef the 
progremead throttle agubom wes initiated, Details regarding the 
Yoriews eamonents ave outlined in the following paragraphs. 


nr e perforasnce stlouletions fer the programeed thratiis 

soutrol, inet in ‘the Xe26 are saperted fully du Referunce 4 and 
ere evimerisa) in Referenes 3, Tn beth vefeomess, mention le male 

Hy the beneficisi. effect of large roter inertia om transient reter 

peat eharaeterietics; however, the only quantitative results show 

evo in Flgere 2 of Raferencs 3, waieh indicates the rate cf ssnge ef 

roter rpm for varlous pulse-jot titush errors. 


te avdae 45 further clarify this pednt, an atditione) 

trensies: response enloulatien for a horisenteal pail hee beon per 
foruad comproaponding to sane(D of the previous work aes 4, Refer= 
ents I ae Plone 12, Referesae 4) aamewk that voter ¢ inertia 

nag teen redused tron the X%-26 value of 450 6 4 to » value 
of ar 308 slug-fext” which is represantative of a éviven heli~ 
septer af similar grose weight . The rewulte of tale swig are ine 
eLBmee es Mewes 2, which showe thet with the TH-246 voter inertia, 
tee maximwe vetor overspeed de 10.32 end oscure 6 seconde after the 
stows ag the WAROT TSR 5 warress for the amaller mter imartia, the 
meaieen overepesd ie 182 ead escura lease then 6.6 sveonds after the 
atart ef the memonrass 
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Ringe gee roti specd verlebions ers tolerable, the 
larger voter inertia wakes the differenes Retwsen en acceptable aed 
i Barucaptchle seatro!, ayeten. These rewalte Brer cut the state 
maumte om page 7 of Refersies 4 whieh are queted below: 


PRLS» 
Following raceipt ef appreval from Wright Air Development Center 
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GRAHOM OF FARGHAD ENGINE AND AT MANE OoeedsaTIOn 


‘The programmed tirottle has been in use for some tine 
om reciprocating engine heliceoters, tut bas not been aucceesfol in 
making these helicopters essentially "one comtrol® (i.8., colles- 
tive pitch control) machines because the trin changes required to 
keep the rotor speed within limits muat bs made about as quickly 
as the throttle changes required with no prograa, Thus, about all 
that has been accomplished has beer to reduce the amount of coordi. 
nated throttle movement required for a given change in collective 
pateb. The lergs inértis of the pulge~jat helicopter retor and ite 
relatively short fuel system time lag suggest, however, that a pro- 
grammed throttle control by itself, even without trim control fron 
the pliot, might keep the rotor speed sufficiently close to a mean 
operating speed so that the system could he considered a rotor speed 
governing power control system, This consideration promted tha in- 
vestigation in this report." 


3,2.2 Design and Fabrisstion of Programmed Throttle 


The goal. of this design program was the achievement of a 
simple, reliable Linkage involving minimm changes from exieting 
XH-26 hardware. The degree of success may be partially jwiged from 
the "before-and-after" photographs of Figure 3, The XH-26 dual 
throttle assembly was cut in half, with the aft unit resaining in 
place &s the marmal override bypase valve of Figure 10, Reference 2. 
The small twist grip and cam drive for this valve are also used with- 
out change. The forward throttle unit has been relocated in the 
ouxiliary linkage box which mounts on the cockpit floor beside the 
collestive pitch stick as shown in Figura 3. This waive becomes 
the programmed throttle and ia actueted by the cem and linkage of 
the auxiliary box; these units, in turn, are actusied by the mein 
pivot ahsft of the collective piteh are (not incladed in photograph), 
The main twiet grip on the collective pitch lever is connected through 
& syetem of ievers to the wala pivot ahatt so thet rotation of the 
grip produces the sane effect om the programmed throttis ag dower s 
ahenge of collective pitch. Thie action prevides the plictia pri- 
suey trina control and is illustrated schemaatisally as a cam shift dn 
Figure 10 of Raference 2, 


Calculated cam characteristics for the XH-26, for axaupic 
Figure 3 of Refarance 3, indicates that pulse-jet righ and lesan Limit 
fuel flows will be reached well within allowsble colleative pitch 
travel: therefers, the equivalent of s large flat region mst be 
provided at each end of the cam to allow for evertravel, During the 


 datadl design of the linksge, it became apparent that such a large 


tom travel is not feasible because of cow clearance problems sz 
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g 
well ac angular travel Jimitetionms in the wmalticiying linkage. A 
wniqae spring cvertrare] unit wae developed as an alternative and 
has been desonstrated to tbe both scourate and dependabis. IS offers 
pesitive positioning through the cam sparating range, coupled with 
edequate cvertravel to sscomandste & simlianeeus epplicetion of 
full celiective plich plus full trim adjustaont. Sufficient trim 
48 aveilable te chtain lean limit fel flew with a colieative piieh 
which would sormaliy call fow wemiesue fuel flow azul vice versa. Sach 
a drastis trim chenge might be used if the plist dastres to change 
Wie vebar send in anticipation of the requirements of a vrielet 
maneuver such as a jJusp take-off or a horizontal pull-up. 


spation of phe Cam Conbour 
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The Liret step toward deberminastion of the cam contour is 

the calculetion of the required eagine fuel flow va. ccllestive pitch | 
relationship as described in Reference x, The curves which have been 

ovhalaed gre beeal on obsolete engine performanse dete and will need 

+o be modified im the avent thet a fligh> teat program is reinstated. 

j 

i 

f 


‘ 

{ 

i 

| Tha second step de to define the relative motion of the 
sellestivs pitch lerar and the sam. Thies wan be done readily oF 
game of lLaveute ce by means of achusel weasurewante on the haniwere. 
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The third etep is to obtain the fuel flow ve. displace 
moot ehoyacterishias of the velvs. Tache for this purpese have been 
atefeewed with remulte ag ahem in Pigure 4. The thretile preseure 
évey of 30 pal used im these teste de as lergs a5 sam be provided 
on ths JR26 without exeeeding the allowable fusl pump working pree~ 
sure, Currer are shom fer the standard sect Mayrher of 0975 Inch 
wok for en mlacged seat of 0.101 inch which la reqetred to provide 
ateguats fuel flow without encountering the erratic tehavier sa the 
ahoulder of the needle parses the aeat. 


The fourth ant final step is the combination of the above 
infcroation with a prefile ef cam radius ys, enale, 


The aUstate compenattor shove in Aigice 5 hus deen do- 
veloged wider & suveantract by the Lee Company of Westteock, Connecticut. 
Tile wiit wes tailt te the requireserte of Reference § with minor 
anendeenta 42 aereed tc be this cométrester and the subcontractor, 

These euedmemtie are as follows: 


Bestion 4.3.1: equation should read AP © K(Pq)* 
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ahr oRreoe OF PARACEL OF SINE AND AmriAtS: «CORPO MS. Trt: 


Section 4.3.7: bheed flow shell not exesed 40 Ib/hr 
at sea level 


no section rumber: wnit shall be capable of bypassing an 
excess fuel puap outpat, of 1000 lb/hr 
(AGo letter 53-1599) 


The unit wan tested at the Les Comeny orior to delivery 
as reported in Reference 6, which also containa schematic and aasembly 
drawings. Per?ormance of the compensator ie apparently satisfactory, 
and it is available for use if a flight test program becomes possible 
at a later date, 


Bete Adtornstive Test Program 


| 
| 
As @ possible elternative to the originally planned Might 

tests which were primarily delayed because of unavailability of 4 
suitable XYH-26 helicopter, 9 coubination hardware-snalogue study was 
proposed. Thies schaae involved use of the previously deseribed pro- 
gveumed throttle hardware connected to the fuel flow bench and inter~ 
velated with en enelogue caaputer set-up to simulate the flight: char- 
acterietica of the XH-26, Similar progrags have been performed, ond 
the projeet appeared technically feasible; however practical considers~ 
tions, indlwiing finencer, led to termination at the propos] stage, 

a 


The programmed threttle contre] aystem wes seleated for fabrica~ 
tion and testing on the IH-26 because of its simplicity, stability, 
andi apparently adeguste accuracy. However, since a acre elaborate 
system might be dealrable for some subsequent pulse-jot helicopter, 

a requiresent was established for a control system which requires & 
wplin. amount of pilot atbention regardless of the complexity an~ 
volved. For convenience, this * Satoestic" system kes been con~ 
sidered as two separate probleme: (a) governed throttle, aad (b) 
sxbouatic start sequencing. 
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as a rowult of several discussions betwean WADC personnel 
ani epioyees of this contracter, it was decided that the considera~ 
tion of automstic reter speed governing showld be subcontracted to 
an organisation gpeciaiizing in sertrol work. Accordingly, proporeale 
wers gilisited fron fom such concerne, and two aexsellext proposals 
were seosived. These propogale were ferwerded to WADC os enclomurer 
to Referenos 7, and approval wae requested for iasuanes of a subcontract 
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prohitited continuation of this work. 


Ae is discussed on pages 7 through 9 ef Reference (1), 
fall aiventage cannot be taken of the pulse-—jet helisapter's inherent 
maneuverability unless the pilot is able to utilise the rotetional 
inertia of the retor systen, During such meneurers, the power plents 
we nob capable of maintaining censtant rotor speed, sad the plict 
will bere to monitor the rpm. It has been suggested that warning 
lighte or other slgnala be provided to warn the pilot before danger~- 
ona gpacd erroxve are encounbered se thet he can take corrective 
action, The use of automatic collective pitch Mmiting devices to 
prevent dangerous epsed errors haves also been ceneidarsd, but the 
questionable value of such devices does not appear to warrant the 
complexity involved. Jince even the governed throttle system leaves 
ypa monitoring responsibility with the pilot during meny axecting 
maneuvers, and in view of the excellent behirior shew fer the pro~ 
grammed throttle system, it is considered that termination of gov- 
armed tivottie stbudiee dose not represent a serious reduction of the 
overall program, 


Experience with turbojet and resjet powar plants has 
shown that both require promt and aceurste throttie control during 
starting and acceleration procedures. Based upon this expsclence, 
WADC personnel raleed logiesl questions regarding similar proosdures 
fue pules—jet hellcoptess and suggested that a "Aelly-antometie" cone 
trol azaten might reduce the requirements placed on pilet skill by 
pe ng.eutomebic sequencing of fuel, aa, and pyar during the 
. Shertlne ont anéoleration xyole, 


Thia eeatrastor's experience with pulse-jet 
helicopters has shown that, enve started, the engines typically 
exmihit wide fusl flow opewating Mmits over the atire speed rangs 
fvow stbetic te maxisue overspeed. In fact, for the XH~26, it ie 
dewbtPul if the engines can be make to blow ont, either rich or 
lean, during the ageeleration pariod without forcing the throttles 
beyend thair rich or lean limit stops. It appears, therefore, that 
exteastic contre] during the aeceleration precedure oan be eliminated 

L toa further consideration. 


t& the Spersy Gyroscope Compeny, whose precosal use deegad most 
ancepteble, During the course of these nagotlebiona, che previously 
meabioned contractual chenges were effected, and the redused funds 
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Flight test seaperience with the ZH-26 helicopter 
goinjek out 4 sbharting problem aq Pollo: 


(e) The time required for fuel to reach the 
engines after throtéle opening depended 
upon the amount of fuel initisiir prosant 
in ths lines downatreem of the throttle 
and varied from sers to about esven seconds. 


{(b) If fuel wae allowed ts asswmlete in the 
engine prior to the inkrodustion of ipa 
presse’ alr through the sir start wanifold, 
a fire waa likely te secur, Tha aceprensed 
air would not purge the angine ac that a 
stert was not pegaible; and alao, the velves 
were frequentic damaged ur nest. 


(e) Tf adr wes dvtreduced dmediately upon 
throttle opening and the Sus) dalay was 
nexium, the compressed aly cupply mignt 
be inadequate, 


hes been given various means of soordinebing the intraluction of fusi 
end air ints the engine. The simplest and meet presieing expedlant 
appeared to be the addition of a spring losded fusl sint-off vrelve at 
tine cobor tip which wound insure % << fuel line te that viper and 


he ‘the oneinths . 


Meanwhile, development of an improved ale start 
aystem was cerried on under another contract, with excslient reeuios 
as reported in Reference & An air start manifold located shead of 
the engine inlet valves was found to be superior te the previous mani- 
fold which was located aft of the valves. Using Di-26 acemonents 
throughout, Jmsediate starts ware obbained even after the ongine had 
bean flooded for 10 seconde. The seapreased air supply wae found to 
ba edequate for 6 starts (it is recharged during flight, so only one 
atert 4» required), and ne valve burning wis evidenced. © 


With beth etarting and seseleration reduced to 
virtually fool-proef presedures, it ia considered that no further 
effect is justified on atbarting and accuieraiion weler the present 
earner and a 
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As @ reenlt of this problem, considerablia thought 
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Work under this itea is imbended to: (a) determine the extent 
af roter shaking forts ani terque vertabion associated with conetant 
pulse-jet fuel low during forward flight, and (b) investigate feasi- 
bility of, and techkauigues for, mindeisging theses effecte through cyelis 
fuel. injestaen, 


ef hrust whup Yew dagie end Forward Speed 


Sings the effect of forward spead on oulee-Jjet thrust has 
heen definad by tests performed fer other purposes, only the affeaut 
of yew angle wae determined specifically for this etudy. A special 
engine attachment fitting was budlt to allow either piteh or yew 
settings to be varled with the onigins attached to Lhe blede tip of a 
whirl test stand, and date were taken over the full range of adjust- 
mers o . 


The dats ahowed unexpected differences hetween pesitive 
and negative yaw settings, and séxeful sbudy of the reaults andleated 
thet interference effects between the engine and the attach fitting 
may have been posponsible, Purthermore, the task of previding a yaw 
fitting which would be above question was beyond the esope of this 
work. The data alse added substantiation to the hypothesis thet yaw 
ani piioh showld have similar effects on angine thrust. Forbunately, 
the variation of piteh alone san be accomplished without special 
fittings wince the engines are normeliy nitch ewivelled, and the swivel 
oon be Iiccked during whirl stand testing. Pitch data teken by means 
of this technique, which became available from power plant development 
teats, wera atudied in condunebion with the data from this program: 
and the yew effect curves cf Figure 6 were synthesised for use during 
the present study. The effects of yaw ure of considerable importance 
to the overall. performance of a pulse-jet helicopter; therefore, they 
bee PecoRindaied for lors extesive Study a3 part of the orerall. pever 


plant development program. 
aad <a Rasa MSE 2a Eyclis Fgpl, inject i005 ‘ 


Ro information regarding the transient response charactes~ 
Astica of pulse-jet anginesa existed at the beginning of this program, 
6 the present} work represents a eoneidersble venture into unexplored 
terrain, Typical problems were the design of a fusl injection syrhen 
sapsble of flow axdulation of frequencies wp to 40 orcies per second 
ad the development of s teat ster with Instrumentation for measur~ 
ing sxvall thrust increnents and phage shifts at IG cpe in the presence 
of vary large thrust variations at the engine firing frequency of 125 
OPS o ‘ 
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Hecause various aspects of this work amr be of vaiue in 
other fields, a rather complete report is being published, Reference 
9, The rezults obtained are still subject to certain questions, 
tmx thes appear to be eartirely adequate for presexs purposes, An 
axteple of & reanlt which may shed light on the besie operetion of 
pulse-jat engines Le the phase 2hift curve of Figure 7. Ts 24 in- 
teresting to nete that ell the date points lie ecless to the 1/60 
second lag line snd thet the engine pulsing cycle requires akeut 
1/120 eacond. This result, indicates that the pulse-Jet osm adjust 
ites operation to a new fuel flow within two pulsing cycles. 


(ther conclusions of this work are thet, within the range 
of frequency explored, the amplitude of thrust variation and the mean 
specific fuel conmmption are little affected by cyclic Injection 
frequency. 


daksd._£=Mnadvyels of Béfecte on the Helicopter 


| fhe report covering the analysis of cyclic pulse~<jet 
theust effects on the helicopter is being published, Heference 10, 
Im general, it is found that cyclic fuel injection could be used to 

| reduce torque variations andi shaking forces during forwerd flight, but 
that the initially small velues of these ascillating forses are not 

sufficient to suetify the considerable complexity involved. 

| 


jet thrust ia materially reduced during forward flight, due prissrily 
to yaw effects, ard that this reduction of thrust (rether then blade 
stsll considerations) may Limit the maximum flight speed of the heli- 
copter, Cyclic fuel injection could be utilized to offset a smn 
part of this thrust decline, but again the improvement appears not 

to werrent the complexity, Incidentally, the cyclic fuel injection 
eubeduse Dus vist eproveant la got the aéme as ihe cue Por oheting 
force improvement, 


i 


| 
It is also pointed out in this report that average pulse | 
| 
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| SLONS AND RECOMMENDAT 


The anglysia, dasign, and feorieation phases of the prograsned. 
tirottle contrel development are considera te be esmplete. As a 
rewult of contract shengea, ne furbher work is olemned. The clay 
is seeds for inaballetion asi is rocemeanied fer flight tasting 1 
service apariente with the I-26 nelieopters indicates the denis 
aniligy of & sesi~automebic throttle control. 


bt Keeade Pash Inisetecs, 


Publication of References 9 and 10 will. complete work under this 
phase ag amended. Regults of tha ehudr lesd to the rescamecdation 
that no further consideration of eyslie fuel injecticn ba piauned 
unless some fubuse puloa-dert helleerter should dieclose uneapestedly 

| aiverse fligit, charasteristice. 
1 nee 


Additional fuel eystem response seasuramentes on the “He26 are 
reconmended to further define the pears oe fuel syatem and roter fuel 
dime sertributione to the overall leg time 


Yow and pitch effects on pulse~jet thrust are recommended for 
' added study under power plant development programs. 


é 
Ra LAY HOE PSA TIES RENAE NDAD NDA BOTAN SAE AED IO HARM TERY ITER EEE CMS SAN, SAMBEEE  SRCDI ST EDN DEM SET FLY BAIA EI ROE IEEE DEOL OE ALT PEED EMI ASAE ARES. BBE DS SPALSO MATE IN PE ORL SE TIGG ABLE IERIE NGF MONO EOE PAO. 


bet E BBE cospse il Sind pet nae ie Leon etd, £ Ss pep awia ECG e BASHA, Geile Te Bu IS 7 ae aust bike Be 
OILS SEO ELE DESIRES: LR RNR UTR deed Basa cavemen 4 Galanattonsee 


OR a RMA SAL AMR TOME PL NA NEL RO ION PRI OPEN IN EOTR PA 


ca 
= 


MERICAN (se) HELICOPTER 


DIARON OF BNCHRD ENGR AND 2ante OCOARDGATION 


5. kBRFER ENCES 


Reference 1: 


Reference 2: 


Heferanca 3: 


Raferance i: 


Referenee §: 


Heferanos 6: 


Reference 7: 


Reference 5: 


Reference 9: 


Reference is: 


BAARAGT 


ERATOR 0 ee AS EEE POC SALLIE SOMONE 


fmerican Helicopter Co., Ine. Report No. 195-A, 
"Pelag-Jet Helicopter Power Control Syaten Develop- 
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Medones, 1 February 2953, 


Agerican Helicopter Gc., Inc. Bapert Mo. 195-8, 
“Falsenigt Helicopter Power Control Systen Derslop- 
mumt - Second Quarterly Progrese Report", Ee 4. 
Medones, 1 Harsh 1953, 


imerioana Bali coptsr COos Ine. Repors Neo 192-6 or 
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vent ~ Thixd Quarterly Progress Repert", R. W. 
MeJones, 24 April 1953, 


Anerican Helicopter Clo,, Inc. Repart Ho. 195-0), 
“snalyeis of & Programmed Throthle Power Control 
Syatem for a Typical Pulae-Jet Hallospter™, L. RB. 
Guistedt, 15 June 1953. 


American Helicopter Go., Inc. Report No. S-195—a, 
"Specitlestion for Altitude Compensators for Pulse- 
Jet Helicopter Fuel Systeme", ER. W. Modonea, 15 dime 
L953 0 


The Lee Goapeny, "Report on Test Results of Altitude 
Compeneator" (Drawing No. 11,000), J. F. Somers, 
49 March 1954, 


dmavicen Nelicepter Oe., Inc., Letter fo, 53-2013, 
to Weight Alr Development Comber, WOLPN~2, Subject: 
"Proposed Sabsuntract to Sperry Gyroscope Company .* 


Awarioan Helicopter Divielen ef Fairchild Engine 
oud Airplanes Corporation, TOR No. S482 "Reseits of 
Forward Ade Start Syetea Development” 5. S. Perkina, 
23 June 1954. ("5 be reported formally.) 


dworleen Helicopter Biwielon of Fairchild Engine 
end Sirplane Corporation, Report No. 195-4~1, 
Effects of Low-Prequamey Cyclic Fael Injection on 
the Steide Perfocmsase ef 4 Pulze-det Engine," 

C. H. Thome, to be publieled. 


dgaricen Helicopter Divielon of Fairchild Engine 

aad Aieplene Corporation, Report No. 195~H-i, 
tauaiveis of Cyelic Pusl Injection ag a Means of 
improving the Forward Flight Characteristics of a 
Pulse-Jot Helicopter’, Rh. H. Spidell, to be published. 
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Sontral Syater. 
Initiated analysis of oyelic fusl injection. 
Sompleted yaw and pitch whirl tests for syolic injection program. 


Received WADG approval to proceed with programmed throttle design 


a Reselived proposals for subcontract study of "Fully Automubis® 
| and fabrication. 


Transmitted report on programmed throttle system, Reference 4. 
Fifts Quarter — 195—B 

Initisted design and fabrication programed throttle hardware. 

Condveted bench tests of throttle somponents. 

Tacued purchase order to Les Company for aititude compensator. 


Genducted preliminary cyclic fuel infection tests on stabiea stand ~ 
found hardware inadequate and inatituted redesign. 


Completed fabrication of programed throttle hardware. 
Pebricated new herdware for syclic feel tests, 


Sonzidered combination analogae~hardware taete of programmed 
thretties syates. 


Requested BAD approval of Sperry subcontract. 
Completed cyelic fuel teets on static stand. 


Performed. a oma £H-26 coter inertia affect ealeulations 
(Figere 2 
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Recolved Sititude compensator from Lee Company 
Tested low prasaure drop fuel neasies in pulse-jet engines. 


trempletei fnalyeis of Cyclic Fuel Injection, Reference 10. 
Gempieted Report on Gyelic Puel Tests, Reference 9. 
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